Low-temperature epitaxy can reduce vertical device dimensions by limiting dopant diffusion. Selective growth can complement such a technique by facilitating device isolation, reducing parasitic capacitance, and allowing novel device designs. ' Si selective growth has been studied primarily in the Si-H-Cl system,24 where HCl prevents growth on SiO, and full selectivity can be obtained. HCl is either introduced intentionally along with SiH4 or SiH& or is formed by the decomposition of SiH,Cl,. At low temperatures, however, growth rates with these reactants become impractically small. A growth/etch cycle using SiH, and a sputter etch has been used without HCl to alleviate this problem' but plasma processing can create defects and may not be desirable. SiH, has been used in a low-temperature, ultraclean environment for limited selectivity during a 10-12 min incubation periods6 The maximum selective thickness is small when masked by thermal oxide ( 50 nm). A higher degree of selectivity can be obtained by this technique when using a boro-phospho-silicate glass mask.'
Si02. Figure 1 plots thickness grown on SiOz, measured by a Tencor Alpha-Step 200, as a function of growth time for a 6 seem flow of SiH, and three different flows of GeH4/ H,. The thickness reported is the average thickness measured and in some zases the grains did not form a continuous film. A time delay is seen before a constant growth rate is established. This is the incubation time and, from Fig. 1 , it is seen to increase with GeH&I, flow. Similar incubation times have been observed for silicon deposition on §iOZ and have been attributed to a reduced adsorption site density in an ultraclean environment6 The increase in incubation times wii:h GeH4/H2 flow could be due to GeH, retarding the formation of stable nuclei by the evolution of GeO" or to hydrogen effects as has been previously reported. I2 No incuba.tion time is seen for growth on silicon when a proper cleaning technique is used to completely remove oxide from the initial growth interface.13
In this letter, we describe the effects of GeH4/H2 on selectivity in an ultrahigh-vacuum/chemical vapor deposition (UHVKVD) reactor using SiH, as the silicon source. GeHdH, increases the growth rates and incubation period on thermal SiOZ increasing the maximum selective thickness. High material and film/oxide interface quality is demonstrated by diodes fabricated with boron-doped selectively grown films.
The growth rate on bare silicon is also affected by the flow of GeH4/H2.'4~*5 For low GeH4/H2 flows, the growing surface is largely covered by hydrogen and GeH, enhances the growth rate by facilitating hydrogen desorption." This allows a thicker selective film to be grown during the incubation time. As GeH4 flow is increased further, hydrogen desorption no longer limits the growth, and growth rates decrease possibly due to reduced sticking coefficients.'4*'6 The resulting Ge incorporation has been deSi and Ge$ir _ X epitaxy was performed in an UHV/ CVD reactor described elsewhere.8 Briefly, the growth system is a load-locked hot-wall chamber which attains a base pressure of 10 -' Torr and water and oxygen partial pressures of 10 -lo and lo-l3 Torr, respectively. 100-300 nm of dry, thermal SiO* were grown at 1100 "C and patterned on 76 mm silicon wafers. The wafers were then degreased by solvents, cleaned by H20z/H2S04, dipped in dilute HF, and rinsed with de-ionized (DI) water before being loaded. The system was allowed to reach its ultimate pressure during a 12-l 5 h period while at 600 "C. Wafers received a 10 min 800 "C! bake to remove native oxide before growtha Growth was performed at 600 "C! from the pyrolysis of SiH., and 10% GeH4/90% HP Films were doped p type during growth using 52 ppm B2H6 in hydrogen." 2. SEM photographs of (a) a 100 nm film grown selectively from 0.6 seem of GeHJH2 and 1.2 seem of SiH, and (b) a 400 nm film grown from 3 seem of GeHJH, and 6 seem of SiH,.
scribed previously'4 and is given approximately by x = 0.3 ( f10Woen4/nz/f10Wsin,) under these conditions.
Figure 2(a) shows a scanning electron microscope (SEM) photograph of a 100 nm film grown selectively from 0.6 seem of GeHJH, and 1.2 seem of SiH,. No grain nucleation is observed even though the growth time is very close to the incubation time (see Table I ). Figure 2(b) shows a SEM photograph of a 400 nm film grown from 3 seem of GeHJH, and 6 seem of SiH4 where nucleation on the SiOz is clearly evident. Table I summarizes the maximum selective thickness found by multiplying the extrapolated incubation times and the growth rates. It is clear that GeHJH, enhances the ability to perform selective epitaxy making these layers useful as the base of a modern heterojunction bipolar transistor.
To study the quality of the selective layers and the quality of the film/oxide interface created, we have fabricated two sets of diodes. Both were formed by growing 100 nm of 5X1019 cme3 p-type Gee&$,s5 on a 5-20 R cm n-type Si substrate. The layers were grown from 1.2 seem of SiH4, 0.6 seem of GeH4/H2, and 10 seem of B2H6/H2. For one set of diodes, growth was performed selectively on a patterned substrate while, for a second set, growth was performed on a bare silicon wafer. This last set of diodes were then mesa etched and passivated by a plasma CVD oxide deposited at 300°C. AlCu was sputtered and patterned on both sets of diodes forming a front and back contact. Doping concentrations were found by secondaryion mass spectrometry (SIMS) and capacitance voltage C( v) measurements of metal-oxide-semiconductor (MOS) capacitors fabricated from layers deposited under the same conditions. Ge concentration was found by Rutherford backscattering spectrometry (RBS) performed on an undoped sample grown with the same gas flow. M. Racanelli and D. W. Greve parable quality to that formed by large-area deposition. The reverse characteristics reveal a leakage current a factor of lo3 lower for the selective diode. In both cases this leakage current is proportional to the perimeter of the device and reveals that the quality of the film/SiO, interface of the selective diode is superior to that formed by a deposited oxide.
In conclusion, we have described selective epitaxy of Ge2i, _ x in UHV/CVD from SiI-I, and GeH4/H, at 600 "C. Selectivity is found to improve with increasing GeHdH, flow both due to an increase in incubation times and in growth rate. Ideal diodes have been fabricated from a selective film doped in situ with boron to 5 X 1019 cm -3. Good electrical and interface properties are demonstrated from the I( v) characteristics.
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